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Back-to-Back Jets via Pair Correlations

p+p 200 GeV
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Energy Loss in Heavy lon Collisions

Single particle measurement
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Energy Loss Model Categories 5

Nuclear Overlap Penetrating Tangential Production

“‘punch-through” ‘corona’

S e ‘\H

“skip-through”

Q: Can a fast parton enter
q—.. ................ > the nuclear overlap
and survive?



Variation with Reaction-plane

away-side production
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The rp-dependence of away-side PTY can discriminate between models.




High 11°-h by Reaction-Plane Analysis

“Measurement” Bin “Control” Bin
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Theory Prediction - Renk

Angular variation of hard back-to-back hadron suppression in heavy-ion collisions
. arXiv:0803.0218v2
Thorsten Renk™*

Box 35 FI-40014 University of Jyvdskyld, Finland and
P.O. Box 64 FI-00014, University of Helsinki, Finland
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Theory Prediction - Vlad Pantuev

time Vlad Pantuev, private communication 2009
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J Xx RXPN — Cent 20-60%
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JF Most-in vs. Most-out

Measurement Bin — 20-60%
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J Xx RXPN — Cent 0-20%
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J Most-in vs. Most-out

Control Bin — 0-20%
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Mid-Central Back-to-Back Production

“Penetrating production favored over tangential production in
mid-central as dominant form for the survival of back-to-back
jets at the 20 level (40:1).”
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vy, -h Correlations

In the black core model:

In a penetrating model:

dN/dy ( Scaled )
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vy, -h Correlations
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Energy Loss to Medium Response

p+p (similar in peripheral Au+Au)

central Au+Au
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Typical: New:
- Near-side Jet - Near-side Modification- “Ridge”
- Away-side Jet - “Head” - Away-side Modification - “Shoulder”

Near-side Ridge theories: Boosted Excess, Backsplash, Local Heating, ...

Away-side Shoulder theories: Mach, Jet Survival + Recom, Coherent Scattering,...



Many Similarities between Ridge and Shoulder
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Intermediate p_ Triggers

- 1, trigger-partner anti- symmetry
indicates not all triggers at intermediate A(p

pT are jet fragments /-—
- Some could be from the medium

response itself i,
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Two-sided Medium Response from the Bulk

If the opening angle is near 120°:

Explains the broad Ridge An,
Ridge-Shoulder similarities

Pairs from the bulk and pairs from
the surface add constructively
at 120°

Even if Ridge and Shoulder presist
at highest pT, this complicates

the intermediate pT
correlations

Shoulder?

Shoulder



High p_ - Low p_ Correlations

Per-trigger yield (A.U. Per-trigger yield (A.U.
ggery ggery

Per-trigger yield (A.U.)

Lower pT trig shows smaller shoulder peak position

Increasing head production as trigger pT increases

Absolute background normalization
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Summary

High pT.:

We have a new differential “fine knob” with reaction-plane angle
- Mid-central surviving high p_ back-to-back pairs prefer

partons that penetrate the nuclear overlap.

- Partner momentum scan required to confirm

Lower pT:

The Ridge and Shoulder show remarkable similarities and may have a
non-trivial relationship at intermediate pT

Intermediate p_triggers can not be thought of as only jet fragmentation

- May be triggering on the medium response itself
- Complicates the interpretation of the data

Transition to higher pT triggers needs to be understood
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Away-side Shoulder Spectra

p-p baseline:
- Spectral shape depends
on trigger p; selection

(0.55 — 0.73 GeV/c)

Mid-Central — Central Au-Au:
- Medium response dominates
the shoulder bin (>50 N__,)

- Softer than p-p away-side

- Little dependence on trigger
p; selection (~0.45 GeVi/c)
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Near-side Spectra & Composition

- Near-side Baryon/Meson
ratio increases in central

collisions
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Away-Side Composition

2
1/Nyq °N/dp. dA®

2
1/Ny;y *Nidp. dAD

o
>

oS
N

o
(M

o

(=]

A% ]

o
—

o

Centrality = 20-40%

Centrality = 0-20%

R B T LI T T
[ (@ —— assoc. mesons )
' x5 —8— assoc. baryons x5 _
[ m [.
L o ]
_ -..l 2l & =é Buw o )
: “=%® 85 my me]
T\ - <. . _.on® ___...__.._.___B
s iFl L L N . - R Rl LR rea==crs
I 2.5 ., g<:4.0 GeVic
Eo(0) (d)
3 *x 2 *x2
m i
|
r O
L ]
L] ney e N
m B Py ° BN,
ol L) u He o9 -y
|| TR B

Shapes:
- Similar shape in away-side
mesons and baryons

3 Ratios:

° - Away-side baryon/meson
g ratios approach inclusive
i values

§ - Incompatible with

S in-vacuum fragmentation

0.6 —o— 0-20 % Away Side —
= [ — — 20-40 % -
2 T —A— 70-90 % 1
g - ——— pingluon jets (DELPHI) |
> 0.4 (P+P(m™+K ™) 0-20 % + _

= Hg et
Q - (p+P)/(m*"+K ") 70-92 % ]
E -
(@]

S .l ¢ . :
< 0.2 = ]
>- i -
? 7 i/%>/
| : _

0 — L P |

0.5 1 1.5 2

P (GeVic)

T, assoc



Ridge & Shoulder - Centrality

- Away-side
shoulder and
near-side ridge
share a largely
common centrality
dependence

- Scale similarity
here is largely a
factor of p;

selection
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Ridge & Shoulder - Balance

0.0 <|An| <0.1 0.5<|An| <0.7

Run4 Au+Au\ s, =200 GeV Run4 Au+Au\ s, = 200 GeV

> -
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Near-side Ridge

0.06
- Broad An near-
side enhancement
measured in 0-04
Au+Au collisions =
at intermediate p; E 0.02
8
z
T s
- High p; near- o
sides are similar £
=~ 0.04
- Intermediate p; '
p+p near-side is “-”22'
narrower in An
than central 0

collisions
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The Ridge with High p_ Triggers
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The QGP Phase Transition

QGP phase transition occurs at

16 |
large temperature

Lattice QCD results
show RHIC above the
phase transition

T., GeV QGI’

CHONMYOVEY

100 200 300 400 500 600 OO

critical
point
0.1

hadron gas

quark
nucleary matter ,
vacuum * matter | phases CFL

0 1 ws GeV



The PHENIX Central Arms

Event Classification

BBC, ZDC, RXPN

m° Reconstruction
EMCal - PbSc, PbGI
Charged Particle Track
Reconstruction

DC, PC1, PC3, RICH

High p_- EMC

West Beam View East



Moving Beyond ZYAM

ZY AM makes non-trivial assumptions about jet behavior in heavy ion

collisions ) -
1.03F . ]
- .o 0-5% :
1.02F . o 1<p®<2<p?<3 GeVic —
"'5 B . . .
2 1.01F L LA L LT
u : L . l' ] :
- . '
P ; . » _
1f‘t'.l‘ 11'{ -
0.99 | | | =

0 2 4

Ad (rad)

Reliance on any untested jet-shape assumption would be improper without
a detailed supporting theory or other supporting evidence

Independent estimations of background level are required to test the validity
of the ZYAM assumptions



Basic Jet Pair Mathematics

l dnj, _ 1 dn® 1 dn

— inc comb
A A A
n" dd@ n° dA@ n® dOA@
Pairs correlate in two ways:

direct interactions (jet)
global event properties (comb)

Two Source Model:

Correlation and 1 dn’® 1 L
Jet Function Framework: 2 = rect J(A¢)

n' dhd €%k n’ [dne

Ay, dnn/jfc
c(ag) = dA¢ I ;l’ i J(Ag) = C(Ag) —b, |1 +2¢1” cos(20¢) +...)

mzx real
dA¢ I 7/AY) b, sets the background normalization



Absolute Normalization

There are two equivalent methodologies to set b,

Mixed Event Method:
Count average pair multiplicity in mixed events
Correct for centrality binning

AB AB na’
— — T mix
ncomb nmix bo AB
real
Mean-Seeds Mean-Partners Method:
Count singles
Count pair-cut loss in mixed event
Calculate average pair multiplicity in mixed events
Correct for centrality binning
n'n’k&
AB _ __ A_B —
ncomb —nn KE bO o nAB

real



Pair-cut Correction

Calculation Calculation
without pair cut correction with pair cut correction

K, the survival probability, is typically ~99.3% and can be
estimated in mixed events



Centrality-Multiplicity Correction, ¢

Calculating (or mixing) for backgrounds in a centrality bin requires a
correction for the multiplicity dependence across the bin

n®

Foreground Events:

Sample particle
z multiplicities from
the same event

Mixed Events:

Sample particles
from different
multiplicities

R 11

e Mpgm: Mg\gj,.!
Event distribution in a centrality bin, w



¢ Correction

AnB Cent(%) 4
R e V0
n 0-5 1.0011(4)
’ 5-10 1.0025(6)

10-15 1.0044(9)
15-20 1.007(1)
20-25 1.010(3)
25-30 1.014(4)
30-35 1.019(7)
35-40 1.025(9)
40-45 1.03(1)
45-50 1.05(1)
50-55 1.06(3)
55-60 1.10(6)
60-65 1.15(9)
65-70 1.3(2)
70-75 1.4(3)
75-80 1.5(4)
80+ 1.6(5)




Intra- and Extra-Nucleon Background

Hard Scattering —

Intra-Nucleon —

Extra-Nucleon —

=<

Two Sources of Background:

Scatterings within the
hard-scattering’s nucleons
or from other nucleon-
nucleon collisions

¢ estimations correct for only
the extra-nucleon
component

Resulting subtractions in
peripheral collisions
should look like un-
subtracted p-p



Absolute Normalization Results

Confirmation of ZYAM procedure in most central

@1 .02 Cent 5-10% .05 S Cent 10-20% =
< ! 2
G015 : = 0.06
1.01F
s 0.04
1.005 - .
1E 0.02
0.995F
. 0
0.99F
0.985 -0.02
0.984

.08 =

S 2

O1.06 - 5
1.04f

A-cp [rad]
Black points - Inclusive _ ]
Curve - Flow Peripheral shows pedestal yield

Blue points - Jet = Inclusive - Flow



Away-Side Contributions

0al (@)  3-4x 0.4-1GeVic
—e Au + Au 0-20%

Away-side Head: mn ~o-p+p

- Suppressed relative
to p-p baseline

- Dominated by
shoulder at low pT

Away-side Shoulder:
- Strongest at lower
p:(<4 GeVic)

(1/N*)dN?*/d Ag

jet -

Y.

- A position largely
independent of p, 0.06
(~mx1.1)(~120°) 0.04f

0.02

increasing
momentum



Away-side Shoulder Position

15—  0.20%AutAu  Fit Method
[

C I A

L o o © 6 _

1= .

- Head region fitted - :
separately o5l 2<p? <3GeVic -
w8 ]

- Position largely 5 F - 8 ? i
independent of both s o ° ? ]
trigger and partner p; a ’
selection (< 5 GeV/c) B 3<p? <4 GeVic .
0.5— —

15— ]

b i ‘% % E

E *’ :

05- .4.<.p:.<.5.G?V.Ic. ]

0 1 2 3 4 5

p° (GeVic)



Reaction-Plane Resolution

0.35

0.3

0.25

0.2

ﬂu+Au*.,ls._ = 200 GeV - Cent 0-20% Au +ﬂu~.‘m = 200 GaV - Cent 20-60%

ulil
IIII|IIII|IIII|IIII|IIII|IIII _|IIII|IIII|IIII|IIII|IIII|IIII
L - m

0.25—
0.3

025

0.2

L[RTT
o

u
=
o

[ ]

1.

WV (rad VW (ra

(i3]
—

E‘H 11

A = 0.66(4) A =0.66(3)

Additional 10% systematic on 0-5% and 5% elsewhere to cover
asymmetry in resolution N-S



Resolution Unsmearing

Au+Au\ s, = 200 GeV - Cent 20-60% Au+Au\ s, = 200 GeV - Cent 20-60%

T T T | T T T I T T T '| T T T |' T T T T T T | T T T T T T T T | T T T I T T T ] T T T [ T T T T T T T T T T T T

@ 015 A o | W o5 A 0 —
= 0. _ p? c [4.0,7.0] GeV n - g pA < [4.0,7.0] GeV ©
g i PTY,,/PTY =0.66+0.16 pbc40501Gevh | & : PTY,/PTY, =0.53:0.24 (stat+sys) pEc[4.050] GeVh
s [ a9 € [jama] 18 [ 80 e [}2m] i
— B . =
.E’.. 0.1— A = 0.66(3) — 5_5__ 0.1— o',p-corrected —
> N 1> F i
k= ) 1k i
- | > SR . i
0.05— e T B X e R, N on —— -
- - 3 - e
0 0 = U s— Renk - Phys.Rev.C78:034904,2008
B i B H 7 EN'X ........ Pantuev - private communication -
N i | Preliminary

0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
¢ (rad) 9, (rad)
FAB (4 -
Yorr(®s) _ 1+ 2A/Acos(¢s) Method used in PPG054
}rrr&‘r?(fpa] 1+ E-fq-ﬂﬂ'q(f.ﬁ.ﬁ]

- Same symmetry argument as flow limits functional forms to even-terms

- Assumption that truncating after second-order is reasonable

- New systematic error from fit errors treated as correlated with statistical error
in extracted values (somewhat conservative, but reasonable)

- Overall effects of unsmearing are small for this result



Relation to Other PHENIX Analyses

These are PHENIX's highest pT reaction-plane Jet Correlations

Au+Au \|5NN=ZOOGeV, Cent=30-40%, 1«:|:a_r mm-zz GeVic, 3<p_“rig<4 GeVic
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Pi0-h CFs x RXPN — Cent 0-20%
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Pi0-h CFs x RXPN — Cent 20-60%
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Near- & Away-Side Integrated Yields — 0-20%

PTY (arb. units)

Near-side

Au+Au\[s,, = 200 GeV - Cent 0-20%
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9

Near- & Away-Side Integrated Yields — 20-60%

Near-side Away-side
Au+Auys,, =200 GeV - Cent 20-60% Au+Auxu'% = 200 GeV - Cent 20-60%
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P10 Identification

// 4.0-7.0 GeV/c Hard pDST pi0 cut // 4.0-7.0 GeV/c Hard pDST pi0 cut

double mass_min = 0.120; double asym_max = 0.8;

double mass_max = 0.165; if (centrality <5 ){ asym_max = 0.50; }

if (centrality < 20 ){ mass_min = 0.125; mass_max = 0.160; } else if(centrality < 10){ asym_max = 0.52; }

else if(centrality < 20){ asym_max = 0.54; }
else if(centrality < 40){ asym_max = 0.56; }
else if(centrality < 60){ asym_max = 0.70; }

Au+Auy S = 200 GeV - Cent 0-20% Au+Auy Sy = 200 GeV - Cent 20-60%
[ T T T [ T 1T [T T T T T T |pﬂ El[i_ﬂlr]l'fﬁllﬁlg'll:l “::. T ] ! T T T T T T [T T T T 7T Ip-ﬂ- EI [.ql_ulr]r_lﬂ]l{ﬁeﬁ;r r[I" |:
1— 5/B=13112 — 11— . SB=06 —
e E ool l' E
sl _' ool s _‘
| . | n -
i : : - ]
0.4 — ] 0.4 — ]
0.2 [ 0.z [ -
B IR BN . . — BRI B S A B A A A [ 1 ﬁ_l I N N T T [N Y N B

nl] 0.05 0.1 015 0.2 0.25 0.2 I'1'|Ll 0.05 0.1 0.15 0.2 0.25 0.3

mass (GeVic? mass (GeV/c?)

from 3.3B 0-90% Run7 events (full Run7 - QA)




Charged Track Cuts

Similar to cuts for partner charged tracks 5.0-10.0 GeV/c in Run4
(my tracks are 4.0-5.0 GeV/c Run?)

New for Run7:
PC3 Dead

Area Acceptance
Cut —

/| DC Edge Cut...
if (fabs(track->get_zed(itrk)) > 75.0) return false;

Il Track Quality Cut...
int quality = track->get_quality(itrk);
if ((quality != 31)&&(quality != 63)) return false;

Il Rich Veto... (valid below 5.0 GeV, pions fire above)
if ((pt < 5.0)&&(track->get_n0(itrk) > 0)) return false;

I/l PC3 Matching Cut... Dead area in Run7 masked-true
double phi_dc = track->get_phi(itrk);
double zed_dc = track->get_zed(itrk);
if (( zed_dc < 0.0)||(phi_dc < 2.1)||(phi_dc > 2.6))
{
if ( fabs(track->get_pc3sdphi (itrk)) > 2.0 ) return false;
if ( fabs(track->get_pc3sdz (itrk)) > 2.0 ) return false;

}

/| EMC Matching Cut...
if ((pt > 3.0)&&( fabs(track->get_emcsdphi (itrk)) > 3.0 )) return false;
if ((pt > 3.0)&&( fabs(track->get_emcsdz (itrk)) > 3.0 )) return false;



Mixed Event Assumptions

Foreground combinatorial pairs-per-event given by corrected
mixed-event pairs-per-event

AB
nAB p— nAB b — nmixé
comb mix 0 4B

’Zreal

Reliance on stochastic hard scattering production

Example of failure scenario:

Every event has 1 and only 1 hard scattering and no other
particle production




Mixed Event Construction

Event N

Rolling buffer mixing
technique Event N-1

Pooled by Event type:
5cm zvertex Event N-2

5% centrality
Event N-3

Event N-4

Mixing produces two products:
- Acceptance Correction
- Mixed Event Pair Multiplicity



Measured Flow
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Figure 3: Correlation functions in 0-20% and 20-60% collisions between neutral pions 4.0-7.0 GeV /¢
RXPN detector pointings.
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Figure 4: Correlation functions in 0-20% and 20-60% collisions between charged tracks 4.0-5.0 GeV /¢
and RXPN detector pointings.



Flow Modulation with RP-binning

The values of co and ¢4 are fixed to the values given by:

Ca = E (2)

C.;l_:_

o

S
i
et
e

where: ,
. sin (2e)

a =14 2vi'cos (2¢) 5 A + 2vj'cos (4og) Ay (4)
c
. A B B A L sin(2e)
G =2v5vy +2vy (14 vy ) cos (2¢,) — A+
2c
. in (4 _ in (6 .
21.!:{1-1:51?05 (dahg ) sin (4e) AVEES Qtfft:f cos (6 ) sin (Bc) Ag  (5)
- 4e - Ge
. _ in (4
v = 2008 4+ 208 (1 + i) cos (46,) 2 At
1
sin (2 . sin(be
E-U.j"-uf (cos (2ch) in ( Cj:i\ + cos (6o, | sen | L).ﬂ.g) +
2c Ge
. in (8 L
Qvafcus (Rahg ) 5”18( E).ﬂ.g (6)
[

Requires measurements of obs-vz, obs-v 2 A A 2 AG, A8



Arb. Scale Selection
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